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doi:10.1016/j.ejvs.2009.09.020Abstract Objectives: Aneurysm formation in Behcet’s disease (BD) rarely involves extracra-
nial carotid arteries. We report our experience of the management of extracranial carotid
artery aneurysms (ECAAs) in BD.
Materials and Methods: Data of patients with Behcet ECAAs presenting from 1997 to 2008 were
retrospectively collected focusing on the different treatment modalities, the indications for
each modality and the outcome.
Results: Twelve Behcet ECAAs were managed. Seven underwent ligation of the carotid artery,
where the stump pressure exceeded 70 mmHg. The remaining five patients underwent vascular
reconstruction: either excision and reconstruction by an autogenous vein interposition graft
(nZ 3), excision and end-to-end anastomosis (nZ 1), or direct suture of a small rent in the
artery (nZ 1). There were no perioperative mortalities or major strokes. There was one recur-
rent laryngeal nerve injury and one hematoma. There was one aneurysm recurrence, which
was managed by ligation and resulted in a minor stroke.
Conclusion: Surgical repair in Behcet ECAAs should be performed with special precautions in
order to prevent anastomotic pseudoaneurysm formation. Ligation can be performed when
the anatomical and/or pathological circumstances are not favourable, provided that the stump
pressure is adequate to maintain cerebral perfusion.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Since Behcet described the triad of oral ulcers, genital
ulcers and ocular lesions in 1937, many series haveof General Surgery, Vascular
Medicine, Cairo University,
. Tel.: þ20 101522596, þ202
23644383.
yahoo.com (A. Sayed).
ty for Vascular Surgery. Publishereported vascular manifestations in the course of Behcet’s
disease (BD). Vascular manifestations have mainly involved
the venous system, but arterial lesions have also been
reported. Aneurysm formation appears to be more
common than arterial occlusion (65% vs 35%). The most
commonly affected arteries are the abdominal aorta, the
femoral and pulmonary arteries, followed by the subcla-
vian, popliteal, and common carotid artery. However,
every major artery can be affected, including thed by Elsevier Ltd. All rights reserved.
Figure 1 Axial cuts showing the exact site of neck of an
aneurysm arising from carotid bulb.
18 A. Sayed et al.coronary, axillary, brachial, radial, ulnar, iliac, and tibial
arteries.1
In general, extracranial carotid artery aneurysms
(ECAAs) are extremely rare accounting for less than 2% of
carotid surgery.2 Those due to BD are rarer still, with few
case reports in the literature (Table 1).
Since rupture of arterial aneurysms is the primary cause
of death in patients with BD, operative therapy is usually
recommended. However, the choice of surgical modality
has always been controversial, because the affected
vessels are very friable and not suitable for repair.3,4
In this study, we review the few cases of Behcet ECAAs in
the literature and present our experience in the manage-
ment of this rare entity.Figs. 1e3
Materials and Methods
From 1997 to 2008, 12 patients presented with ECAAs
caused by BD to Cairo University hospitals. ECAAs were
diagnosed when the arterial diameter exceeded the refer-
ence values by more than 50%, as defined by Johnston et al.
(1991).5 Diagnosis of BD was made according to the clinical
criteria established by the International Study Group for
Behcet’s Disease, namely, recurrent oral ulceration and
two minor criteria, e.g. recurrent genital ulceration, eye
lesions, skin lesions and/or pathergy.6 We collected data
regarding patients’ demographics, clinical presentation,
relevant co-morbidities, preoperative imaging studies,
therapeutic modality, and clinical outcome.
Postoperative results were reviewed, as well as early
and late outcomes during follow-up. The outcome param-
eters reviewed included patency of revascularization,
recurrence, perioperative (<30 days) and late mortality,
minor or major stroke (as defined by the National InstitutesTable 1 Published cases of Behcet ECAAs.
Series Age Sex Site
Park et al. (1984) 25 F CCA
Dhobb et al. (1986) 44 F ICA
Suzuki et al. (1991) 16 M CCA
Tacal et al. (1993) 35 M ICA
Kuzu et al. (1994) ND ND CCA
Tuzuner et al. (1996) 16 M CCA
Tuzun et al. (1997) 25 M CCA
Canova et al. (1997) 32 M ICA
Sasaki et al. (1998) 16 M CCA
Bonnotte et al. (1999) 47 M ICA
Ozyazicioglu et al. (2001) 34 F CCA
Park et al. (2001) 32 M CCA
Antar et al. (2004) 13 M CCA
Iscan et al. (2005) 43 M ICA
Bouarhroum et al. (2006) 26 M CCA
(2 patients) 41 M CCA
Al-Basheer & Hadadin (2007) 56 M CCA
Ohshima et al. (2008) 56 M CCA
CCA, Common carotid artery; ICA,Internal carotid artery; PTFE, Polyof Health Stroke Scale (NIHSS)),7 cranial nerve injury and
hematomas.
Results
The cases comprised 11 males and one female ranging in
age from 21 to 37 years (mean age 30 years). All patients
presented with a neck lump that had a rapidly progressive
course, with a less than 3 month period between onset and
referral to our hospitals. One patient presented withManagement Outcome
Conservative good
Resection and end-to-end
anastomosis
good
Resection and PTFE bypass good
Resection and tube grafting thrombosis
PTFE bypass good
Resection and PTFE bypass good
Ligation good
Repair (ND) good
Initial PTFE patch;
redone with ligation
good
Bare stent
and coil embolization
good
þICA Resection and PTFE bypass good
þICA Covered stent placement thrombosis
Ligation (after recurrence) good
PTFE bypass good
PTFE bypass good
PTFE bypass good
Repair (ND) ND
Covered stent placement good
tetrafluoroethylene; ND, Not described.
Figure 2 Reconstructed CT images showing the shape of an
aneurysm and its relation to bones (mandible and cervical
spine).
Behcet Extracranial Carotid 19a sudden enlargement of his lump due to a ruptured
aneurysm (Pt. 10).
Imaging was conducted to confirm the diagnosis and
define the anatomy of the aneurysm. All patients had
a neck computer tomogram (CT) with I.V. contrast done
(except one unstable patient who had a rapidly expanding
hematoma from a leaking aneurysm and who was exploredFigure 3 Reconstructed CT images showing the site of an
aneurysm behind the angle of the mandible. The external
carotid artery is seen stretched over the aneurysm.immediately). Multidetector CT became the standard
imaging modality in the last 3 years of the examined period
(4 patients). Some patients had additional imaging, in the
form of either carotid duplex scan (nZ 9), carotid angi-
ography (nZ 3), or magnetic resonance angiography (MRA)
(nZ 1). All aneurysms were saccular (or pseudoaneurysms)
with a transverse diameter ranging between 30 and 75 mm,
and narrow necks communicating with the main artery
having 3e10 mm diameters. The aneurysm neck origins
were in the internal carotid artery (ICA) (nZ 7), the
common carotid artery (CCA) (nZ 2) or at the bifurcation
(nZ 3). None extended to the skull base.
Four patients had aneurysms of other arteries, including
two with an abdominal aortic aneurysm, one with
a pulmonary artery aneurysm and one with an iliac artery
aneurysm. Only one of the aortic aneurysms was operated
upon while the other aneurysms were followed up.
All patients were treated surgically. The choice of
surgical modality depended on the anatomic extent,
adequacy of contralateral blood flow, presence of active
systemic inflammation and pathological status of the
carotid vessels and surrounding tissues. All patients were
operated on under general anesthesia using the standard
longitudinal incision along the anterior border of the ster-
nomastoid muscle. Proximal control of CCA was gained.
Dissection of the external carotid artery (ECA) and ICA
distal to the aneurysm was attempted to gain distal control.
Whenever this was not possible, the aneurysm sac was
opened, and the internal orifices of the artery were iden-
tified and controlled temporarily with a Fogarty’s catheter.
Further distal dissection was conducted to reach a grossly
healthy segment of ICA. This was estimated by the absence
of adherence of the vessel to the surrounding tissues,
oedematous thickening of the wall and cracked surface of
the intima.
It was not possible to reach a healthy distal ICA segment
of adequate length in seven patients. Therefore, stump
pressure (SP) was measured, and ligation of the artery was
performed after ensuring adequate collateral circulation by
having an SP of >70 mmHg.8 Double ligatures were used to
protect against stump disintegration, in addition to ligation
proximal to the aneurysm.
Full therapeutic anticoagulation by subcutaneous enox-
aparin at 1 mg/Kg/12 hours was started immediately after
ligation and continued for 2 weeks.
In the other five patients repair was done by excision and
reconstruction with an autogenous vein interposition graft
(nZ 3), direct suture of a small rent in the artery (nZ 1),
or excision and end-to-end anastomosis (nZ 1), the latter
procedure being performed in a patient with excessively
redundant artery after dissection.
A shunt was used during repair in one patient. This was
not needed in the remaining four patients since SP excee-
ded 45 mmHg.
There were no perioperative deaths or major strokes.
One patient had a recurrent laryngeal nerve injury and one
had a postoperative hematoma which was managed
conservatively.
Immunosuppressive medications were administered
before and after surgery (except the patient who was
operated on as an emergency). Patients were given high
dose steroid therapy (methylprednisolone 1gm/day for 3e5
20 A. Sayed et al.days) followed by cyclophosphamide intravenous infusion
as a steroid-sparing immunosuppressive drug. Due to the
rapid progression of aneurysm enlargement all patients
were operated upon shortly after starting immunosup-
pressive medications, without full control of inflammation
(as monitored by a decline of erythrocyte sedimentation
rate and C-reactive protein levels). The rapid progression
was determined clinically by an increase in the diameter of
the neck swelling by more than 1 cm, or by the appearance
of manifestations of skin stretch and inflammation within
3e4 days after presentation. In the postoperative period
cyclophosphamide was given orally until all inflammatory
markers returned to normal levels. Oral colchicine was
given to all patients from the start and was continued
regardless of the inflammatory state.
The follow-up period ranged from 2 to 18 months (mean
10 months). We noticed that the relatively short follow-up
was related to the low socio-economic background of our
patients making them not appreciating the importance of
late follow-up visits, especially when they are symptom-
free. In addition, the communication with the patients and
their local district hospitals was inadequate.
Only one patient had a recurrent anastomotic aneurysm
after 6 months; this was ligated and a minor stroke
occurred after ligation (Pt. 7). Follow-up duplex examina-
tion was conducted after 6 months for all patients who
underwent repair and revealed patent revascularization in
all of them. One patient with a repaired aneurysm died 2
months later from rupture of a pulmonary artery aneurysm
(Pt. 1) and one patient with a ligated aneurysm died 4
months later due to ischemic cardiomyopathy (Pt. 3). Table
2 summarises the patients’ data.
Discussion
Twelve cases of Behcet ECAAs are reported in the current
study. To our knowledge only 18 cases have been reported
in the literature to this point.1,4,9e23 Most of the reported
cases have been in the Middle East, Mediterranean and Far
East regions. Patients with BD were found to cluster along
the ancient Silk Road, which extends from eastern Asia toTable 2 Patient’s data in this series.
Case Age Sex Location Other aneurysms
1 21 m CCA Bil. PAA
2 30 m CCA
3 37 f ICA Rt. iliac
4 25 m ICA AAA
5 25 m Bifurcation AAA
6 31 m Bifurcation
7 35 m ICA
8 30 m ICA
9 33 m ICA
10 32 m ICA
11 25 m ICA
12 37 m Bifurcation
CCA, Common carotid artery; PAA, Pulmonary artery aneurysm; AAAthe Mediterranean basin. The prevalence in Egypt is not
reported. However, BD in Egyptians shows higher male-to-
female ratio and a higher incidence of vascular and
neurological lesions.24
All patients in this series presented with a rapidly
growing neck lump, reflecting the acute inflammation of
the vessel wall in BD. The absence of neurologic manifes-
tations in this series could be explained by the saccular
nature of the aneurysms, with relatively narrow necks
making the possibility of distal embolization very difficult.
In addition, patients had excellent contralateral circula-
tion, as the disease was segmental and localised to the site
of the aneurysm. This fact also led to the high stump
pressure values observed in our patients.
CT angiography (CTA) proved to be an excellent tool to
visualise the exact morphological details of the aneurysm.
Arterial phase bolus contrast enhanced MRA has rapidly
evolved to the point where it is now the preferred method
for cervical vascular evaluation.25
Operative therapy, whether reconstruction or ligation,
was recommended for all patients. Ligation can be per-
formed safely only in the presence of adequate collateral
circulation. This may be evaluated by assessing the
completeness of the circle of Willis by angiography, trans-
cranial Doppler (TCD), MRA,26 or CTA.27 However, the
anatomical status of the circle of Willis does not correlate
with functional and intraoperative tests examining the
cerebral cross-perfusion.27,28
Stump pressure has been proven to be a reliable method
for assessment of the collateral circulation by Ehrenfeld
and associates. They demonstrated that an SP >70 mmHg
allows safe ligation of ICA.8 Some studies used SP during the
carotid balloon occlusion test (BOT). SP during this test
quantitatively reflects the degree of collateral flow via the
circle of Willis. An SP of >50e60% of mean systemic pres-
sure correlated well with changes observed by single
photon emission computer tomography (SPECT) in several
studies.29,30
In the seven patients who underwent carotid ligation in
this study we relied on SP as used by Ehrenfeld and asso-
ciates. We did not use BOT due to fear of puncture siteProcedure Morbidity & Mortality
Excision and end-to-end
anastomosis
Died from rupture of PAA
1ry suture
ligation Died from cardiomyopathy
ligation
ligation
Excision and vein grafting
Excision and vein grafting Recurred and was ligated
and resulted in a minor stroke
Excision and vein grafting
ligation
ligation
ligation
ligation
Abdominal aortic aneurysm; ICA: Internal carotid artery.
Behcet Extracranial Carotid 21pseudoaneurysm formation. No neurological complications
occurred in these cases except the minor stroke that
occurred after ligation of a recurrent pseudoaneurysm.
Three other Behcet ECAAs were ligated with no reported
complications.14,16,20
Surgical reconstruction was performed in five of our
patients, only in grossly healthy arterial segments. Inspec-
tion of major pathological evidence in adventitia or trans-
ected wall may give some clues for delineating the diseased
segments intraoperatively, though this represents
a continuing challenge.31 Although many studies recom-
mended the use of synthetic material for reconstruc-
tion,4,14 others12,16 including the authors prefer suitable,
apparently healthy autogenous veins.
Recurrent aneurysm formation has been observed in up
to 50% of the patients in some series reporting Behcet
aneurysms in general3,14,32 and in case reports of Behcet
ECAAs.16,20 In our series only one patient had a recurrent
aneurysm 6 months following repair. We believe that
recurrence was low in this series due to the exclusion of
risky aneurysms from vascular reconstruction.
Suture line reinforcement with Teflon pledgets, graft
wrapping with surrounding tissues, extreme care and
meticulous vascular technique, and administration of
immunosuppressive treatment before and after surgery are
all measures that can be used to decrease the incidence of
recurrence.4,12 The European League Against Rheumatism
(EULAR) recommended the use of cyclophosphamide and
corticosteroids, but the optimal duration of immunosup-
pressive therapy after surgery was not defined.33 In a recent
series of endovascular management of BD aortic aneurysms,
the two patients who discontinued immunosuppressive
therapy experienced complications.34 However, postponing
the intervention until the inflammation could be controlled
was not always feasible, particularly in aneurysms.4,21,32
The preliminary results of endovascular treatment of
ECAAs presented in a review by Maras et al. in 2006 sug-
gested that it represents a safe and effective treatment
modality. However, the durability of carotid stenting was
questionable.35 Two studies with a longer follow-up (38 and
29 months) showed favourable results.36,37 These results
are possibly explained by the nonatherosclerotic etiology.36
Endovascular treatment of an aneurysm to exclude a well-
organized thrombus should carry less risk of distal emboli-
zation than occlusive disease.38
To our knowledge, only three case reports of endovas-
cular management of Behcet ECAAs have been published.
Bonnotte et al. (1999) reported a case of a false ICA aneu-
rysm that was successfully managed with a bare stent and
coil embolization.17 Ohshima et al. (2008) reported a case in
which a covered stent was successfully used instead of direct
surgery because of skin and connective tissue inflamma-
tion.23 In contrast, Park et al. (2001) reported a carotid
endograft occlusion in a patient with two postoperative
anastomotic aneurysms treated by covered stents.19
We believe that endovascular experience in Behcet
aneurysms is still very limited with a lack of long-term
follow-up32; we did not use it in any of our patients. We do
however think that it should challenge open surgical
reconstruction, particularly in difficult cases.
The current study is considered unique for including
a relatively large number of patients, manifesting a raredisease entity. However, the relatively short follow-up is
considered a limitation of this study.Summary
Screening for other aneurysms is extremely important, as
well as follow-up to detect recurrences and development
of aneurysms elsewhere. Treatment of Behcet ECAAs
entails frequent complications and challenges. Recon-
struction should be carried out in healthy arterial
segments with extreme meticulous technique and under
cover of immunosuppressive treatment. The rising expe-
rience in endovascular management will allow this
approach to challenge open surgery, at least in difficult
cases. There still remains a role for ligation of aneurysms
not amenable to a proper repair, provided the contralat-
eral circulation is adequate. Ligation of the carotid artery
should be part of the surgeon’s armamentarium in dealing
with Behcet ECAAs.Conflict of Interest
None.
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